BENCHMARKS
Transposons are mobile sequences commonly found in prokaryotic and eukaryotic genomes. Their dispersal, repetitiveness, and the fact that their mobilization is a source of polymorphism make them choice candidates for use as molecular markers in mapping technologies. In recent years, variations of a technique inspired by amplified fragment length polymorphisms (AFLPs) (1) that take advantage of transposons have emerged as valuable tools for molecular analyses (2-7). These transposon-based mapping techniques, referred to as transposon insertion display (TID) after the first published report (2) , have been applied to plants as well as to animals for population analysis (8, 9) , detection of transposition events (10) , gene tagging (2) , and the recovery of integration sites (3) .
The common basis of all TID techniques is an adaptor-mediated multiplex PCR amplification of genomic restriction fragments that contain a transposon marker sequence, along with the variable length of the DNA sequences flanking the insertion sites ( Figure 1 ). However, to avoid the amplification of restriction fragments that do not contain transposon marker sequences (i.e., nonspecific), different adaptor designs have been adopted ( Figure 1 , A and B) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) .
TID protocols also differ in the type of transposon chosen as a marker. However, transposon abundance, diversity, and distribution vary greatly between organisms. For example, transposon content can range from 3% in the yeast genome to over 60% in maize, and mammalian genomes primarily contain long and short interspersed nuclear elements, whereas the maize genome is mostly populated by long terminal repeat retrotransposons (12) . This high variability can complicate the choice of an appropriate marker since clarity and resolution depend on the copy number of the transposon type used. Furthermore, the accuracy of TID is dependent on the design and PCR conditions of a transposon-specific primer. Transposons are characterized by structural features that may be problematic for PCR [e.g., terminal and subterminal repeats, secondary structures, A and T richness, or poly(A)/(T) tails]. Thus, the ability to predict the banding pattern generated by a specific primer in a specific genome would be useful for optimizing PCR conditions and for assessing the reliability and quality of the observed data.
A Adaptors are ligated, and a preselective PCR amplifies transposon termini with flanking DNA sequences using primers directed against the adaptor (ap1) and transposon family (ep1). A selective amplification using nested or more specific primers enrich for transposon-specific products (optional in some protocols) (10) . (A) The vectorette (11) is a specially designed double-stranded adaptor that is not completely complementary in sequence (represented by a bulge). Elongation from ap1 can only occur after firststrand synthesis from ep1, selecting for transposon-specific products. (B) TID strategy using different restriction enzymes (REase1 and REase2) and adaptors (gray-shaded and hatched boxes), each specific to either the transposon side or the flanking side. In this manner, amplification can be initiated from different adaptor-specific primers. Biotinylation of the transposon-specific adaptor can also serve as an enrichment step prior to the selective PCR (6) . (C) Radioactive or fluorescently labeled primers (indicated by asterisks) allow for detection after size fractionation using polyacrylamide gel electrophoresis (PAGE), and predictTID uses ep2 sequence to calculate the size of the expected fragments. PredictTID serves to optimize experimental design, allows polymorphic bands to be distinguished from artifacts and, in experiments, can provide support for the observed data.
Genomes/euk_g.html). In addition, many other genomes are currently in the process of being sequenced. Available sequence information has been exploited in applications to calculate the expected sizes of PCR and AFLP products (http://www.in-silico.com/ and http://elanor.sci.muni.cz/cgi-bin/ vpcr2.cgi; unpublished data) (13, 14) , but these are site-specific or do not deal with the amplification of transposon-specific fragments. In this report, we describe a method to predict the TID banding pattern of a given primer from the available genomic sequence information.
We compared the observed against the predicted TID profile of a family of terminal inverted repeat (TIR) transposons called cac1. These elements were first identified from Arabidopsis, and the location of the four members (CAC1, CAC2, CAC3, and CAC4) within the completely sequenced genome is known (Table 1 ) (15) . Exploiting conserved regions near the cac1 TIRs, preselective [(cac1-1; 5′-(T/C)TTTCGTAATGCTATGGTTGAA-ACACCTAAC-3′) and selective (cac1-2; 5′-CATACAATTCTGACGCTATC-3′)] primers for TID were designed by visual examination. The nucleotide sequences were retrieved from GenBank ® (http: //ncbi.nlm.nih.gov/Entrez/) and aligned using the PileUp function from the GCG ® suite of programs (version 10; Accelrys, Burlington, MA, USA).
We wrote a Perl (version 5.6.0) script, predictTID, to calculate the sizes of bands expected from TID. PredictTID first uses the cac1-2 selective primer sequence as a query in a Basic Local Alignment Search Tool (BLAST ® ) search (version 2.2.3; ftp: //ftp.ncbi.nih.gov/blast/) (16) against the Arabidopsis genome sequence (downloaded from The Institute for Genome Research; ftp://ftp.tigr.org/pub/ data/a_thaliana). BLASTN parameters are set to default values, and the repeat filter is set to false. The BLAST search result is then parsed, and high scoring pairs (HSP) (16) that contain more mismatches than allowed by a userdefined variable (threshold limit) are discarded. We observed no differences in the predicted results when 0%-20% mismatches with the primer sequence were allowed. Genomic sequence (1000 bp) flanking the regions of similarity are retrieved and examined for the first BfaI restriction pattern found upstream or downstream, depending on whether the BLAST subject was in the same or in reverse orientation, respectively, relative to the BLAST query on HSP.
The expected sizes reported by predictTID were then compared with the banding pattern of Arabidopsis thaliana (Columbia) cac1 elements using a vectorette-mediated TID strategy (2,11) with primers cac1-1 and cac1-2 ( Figure 2 Table 1 .
were digested with 2.5 U BfaI (New England Biolabs, Beverly, MA, USA) and ligated to 15 pmol adaptor cassettes (5′-TAGCAAGGAGAGGACGCT-GTCTGTCGAAGGTAAGGAACG-GACGAGAGAAGGGAGA-3′ and 5′-TCTTCCCTTCTCGAATCGTA-ACCGTTCGTACGAGAATCGCT-GTCTCTCCTTGC-3′) with T4 DNA ligase (Invitrogen, Burlington, ON, Canada). The ligation product was diluted 4-fold before a preselective amplification using cac1-1 and ap1 (5′-CGAATCGTAACCGTTCGTA-CGAGAATCGCT-3′). Preselective amplification products were diluted 100-fold and reamplified using cac1-2 and ap2 (5′-GTACGAGAATCGCT-GTCCTC-3′), the latter being labeled with a IRDye ™ 700 fluorescent dye (Li-Cor). We used the AmpliTaq ® PCR system (Perkin-Elmer, Boston, MA, USA) in a PTC-225 DNA Engine Tetrad ® Thermal Cycler (MJ Research, Waltham, MA, USA) for both amplifications, which consisted of 94°C for 10 min; 20 cycles of 94°C for 1 min, 50°, 55°, 60°, or 65°C for 1 min, and 72°C for 1 min; and 72°C for 10 min. Six microliters of loading dye (95% formamide, 10 mM EDTA, 0.1% bromophenol blue) were then added to the final amplification products, which were separated by size and visualized on a 5.5% denaturing polyacrylamide gel (BioShop, Burlington, ON, Canada). Fluorescently labeled DNA (50-700 bp) (50-700 sizing standard; Li-Cor) served as molecular weight markers.
Combinations of preselective and selective annealing temperatures between 50°-65°C, with 5°C increments, were tested. Four bands were expected from predictTID, and these could be reliably matched on TID. Annealing temperatures between 55°-60°C yield bands that are in best agreement with sizes calculated from predictTID. The estimated annealing temperatures for the selective amplification primers are between 50.3°-58.0°C (17) . As a control, we manually retrieved and visually examined the sequences flanking CAC1, CAC2, CAC3, and CAC4 elements to confirm the sizes of fragments calculated using predictTID. Fragment sizes for the four cac1 members that were determined by manual examination are indicated in Table 1 and Figure 2 . An unpredicted band (approximately 850 bp) could be seen but was no longer observed when higher annealing temperatures were used for the preselective amplification, which suggests that this may be a misannealing product.
Although not observed in this study, there are potential limitations to the reliability of predictTID. First, the maximum length of sequences flanking an insertion that is examined by predictTID was set to 1000 bp because, in practice, longer fragments cannot be reliably resolved by TID. Here we used BfaI, and analysis of the restriction pattern of the complete Arabidopsis genome indicated that the majority (89.2%) of BfaI fragments generated were shorter than 1000 bp.
Second, the initial step of pattern matching the primer sequence is handled by the BLASTN program (16) and may not exactly reflect PCR annealing conditions in terms of mismatches and gaps. The fact that predictTID gives the same weight to mismatches on the 5′ and 3′ ends of the primer sequence may be a source of difference.
Third, the applicability of our program is of course dependent on the amount of available sequence information. Even with completely sequenced genomes, there are gaps, especially within the repetitive sequence-laden centromeric and telomeric regions. Sequencing projects also focus on a specific genotype, and in other lines or strains, sequence polymorphisms may be a source of error. Nevertheless, as long as a large quantity of genome sequence information is available, predictTID can be useful to assess the validity of TID-generated bands.
Despite these potential limitations, we have shown that available sequence information can be used to test the reliability of primers in TID experiments. In a number of model organisms and for a wide range of transposon families, TID techniques are being adopted for a variety of applications. In these systems, predictTID can provide theoretical support for observed data, thereby facilitating the optimization of PCR conditions and the determination of the quality of designed primers. In addition, and based on the principle used by predictTID, two programs, predictAFLP and predictRAPD, are also available for calculating the sizes of bands expected from AFLP and other PCR-based mapping techniques. All programs are freely available by request and are also accessible online (http:// bailly.biol.mcgill.ca/predictTID.html). Efficient ways to control the level and timing of the expression of specific genes in cultured cells and tissues, including tumors, have received considerable attention (1, 2) . Inducible expression systems should have a minimal activity in the basal state but should allow rapid accumulation of the heterologous protein upon stimulation. The most advanced inducible systems employ combinations of functional domains from prokaryotic, eukaryotic, or viral proteins to create chimeric transactivators capable of modulating gene expression in a drug-dependent manner (1) . The second component in these systems is an inducible promoter, which consists of a multimerized transactivator binding sequence linked upstream of a minimal promoter. In the presence of inducer, the chimeric activator binds specifically to its DNA recognition sequence and activates the transcription of the target gene (1) . Although very specific and effective, these chimeric systems usually require specialized cell lines or have to be prepared in several relatively timeconsuming steps. Therefore, it may be advantageous to use systems that are easier to generate and yet retain significant inducibility. Here we describe the cell density-dependent activity of the carbonic anhydrase 9 (CA9) promoter and propose its utility as an inducible expression system.
The expression of carbonic anhydrase IX (CAIX, previously known as MN) has been detected in a large number of carcinomas and carcinoma-derived cell lines but not in the corresponding normal tissues (References 3, 4, and references therein). The mechanism of CAIX induction in dense cultures was the subject of our previous study (5 (6) , is too high for an appreciable stabilization of hypoxia-inducible factor 1α (HIF-1α), but it is sufficient for the activation of a phosphatidylinositol 3′-kinase (PI3-K)-dependent pathway (5) . Earlier studies defined the CA9 promoter in the (-173; +31) region (the numbers in parentheses indicate each position relative to the transcription start), which appears to contain the critical regulatory elements for CA9 transcriptional activation (7) . Among these, the hypoxia-response element (HRE) (8) and SP1/SP3 binding protected region 1 (PR1) (9) are crucial for CA9 transcriptional activity.
The striking effect of cell density on CAIX expression prompted us to investigate the utility of the CA9 promoter as a cell density-inducible expression system. The (-173; +31) CA9 promoter fragment was cloned in the pGL2-Basic (Promega, Madison, WI, USA) and pEGFP-1 (BD Biosciences Clontech, Palo Alto, CA, USA) vectors. The (-2361; +298) vascular endothelial growth factor (VEGF) gene fragment was also cloned in the pGL2-Basic vector. The simian virus 40 (SV40) early promoter-driven pGl2 control vector was obtained from Promega. To prevent the possible modulation of CA9 promoter activity by the SV40 promoter/enhancer sequence present in pEGFP-1 (GenBank ® accession no. U55761; positions 1694-1925), High cell density induces expression from the carbonic anhydrase 9 promoter Milota Kaluzová 1,2 , Stefan Kaluz 1,2 , and Eric J. Stanbridge 1
